Rhizobium aethiopicum sp. nov. is a newly proposed species within the genus Rhizobium. This species includes six rhizobial strains; which were isolated from root nodules of the legume plant Phaseolus vulgaris growing in soils of Ethiopia. The species fixes nitrogen effectively in symbiosis with the host plant P. vulgaris, and is composed of aerobic, Gram-negative staining, rod-shaped bacteria. The genome of type strain HBR26
Introduction
Some bacteria are capable of forming a nitrogen-fixing symbiosis with various herbal and woody legumes. Some other bacterial species involve in nitrogen-fixation as free-living soil organisms [1] . Biological nitrogen fixation by root-nodule forming bacteria in symbiosis with legume plants play significant roles in agricultural systems. The symbiosis provides a nitrogen source for the legumes and consequently improve legume growth and agricultural productivity.
Common bean (Phaseolus vulgaris) (http://plants.us da.gov/core/profile?symbol=PHVU) is one of the bestknown legume plants cultivated worldwide for food. It was originally domesticated in its Mesoamerican gene center, including Mexico, Colombia, Ecuador and northern Peru [2] and in the Andean center in the regions from Southern Peru to northern Argentina [3] . At present, it is widely cultivated in several parts of the tropical, sub-tropical and temperate agricultural systems [4] and used as a vital protein source mainly for lowincome Latin Americans and Africans [5] . In Ethiopia, beans are commonly grown as a sole crop or intercropped with cereals, such as sorghum and maize, at altitudes between 1400 and 2000 m above sea level [6] . Bean plants make symbiotic associations promiscuously with several root-nodule forming nitrogen-fixing bacterial species commonly known as rhizobia. Studies thus far show that this legume forms symbiotic associations mainly with rhizobia belong to Alphaproteobacteria, such as Rhizobium phaseoli, Rhizobium tropici [7] , Rhizobium leguminosarum [8] , Rhizobium etli [8] , Rhizobium giardinii, Rhizobium gallicum [9] , Rhizobium leucaenae [10] , Rhizobium lusitanum [11] , Rhizobium vallis [12] , Rhizobium ecuadorense [13] . Rhizobium mesoamericanum [14] , Rhizobium freirei [15] , Rhizobium azibense [16] , Rhizobium acidisoli [17] , Ensifer meliloti [18] , Ensifer fredii [19] , Ensifer medicae [20] and Ensifer americanum [21] . Rhizobial species belonging to Betaproteobacteria, such as Burkholderia phymatum [22] was also found capable of forming nodules on common bean plants.
16S rRNA gene sequence similarity and DNA-DNA hybridization techniques have been used as standard methods for describing new bacterial species. However, the 16S rRNA gene sequence divergence between closely related species is low and thus cannot differentiate closely related species found in the same genus [23] [24] [25] . The DDH technique was once considered as the gold standard method, and strains classified in the same species should have 70% or greater DDH relatedness among each other [26] [27] [28] [29] . However, DDH results vary between different laboratories and this incurs inconsistent classification of the same species [30] . On the other hand, the multilocus sequence analysis method, using the sequences of several housekeeping protein coding genes, have been successfully used for species identification and delineation [24, 25, 31, 32] . The genome-wide ANI method, which was first proposed by Konstantinidis and Tiedje [33] has recently successfully been used for classification of various bacterial species [34, 35] . Depending on the methods used for ANI calculation or the nature of bacterial genome sequences, 95 or 96.5% ANI value [34, 35] corresponds to the classical 70% DNA-DNA relatedness cutoff value for strains of the same species. The advancement of sequencing techniques and its falling price have made genomic data for many bacterial species available for comparison [36] . Consequently, the ANI is becoming the method of choice in current bacterial taxonomic studies.
In our previous study, we isolated a group of rhizobial bacteria from nodules of common bean growing in the soils of Ethiopia. These bacteria formed a unique branch that was distinct from recognized species of the genus Rhizobium in phylogenetic trees constructed based on MLSA [24] . In order to compare strains using genomewide ANI with reference genomes and to describe this group as a new Rhizobium species, the representative strain Rhizobium sp. HBR26 (hereafter Rhizobium aethiopicum sp. nov. HBR26
T ) was selected for sequencing. This project was a part of the DOE JGI 2014 Genomic Encyclopedia of Type Strains, Phase III, the genomes of soil and plant-associated and newly described type strains sequencing program [37] . In this study, we present classification and general features of R. aethiopicum sp. nov. including the description of the genome sequence and annotation of the type strain HBR26 T .
Organism information

Classification and features
The strain HBR26 T is the type strain of R. aethiopicum sp. nov. This strain and other strains in the novel species were isolated from nodules of common bean plants in Ethiopia. Based on multiple housekeeping gene analysis, the closest validly published species was R. etli [24] . In this study, a partial 16S rRNA gene tree was constructed by retrieving more and recently published reference sequences from the GenBank database. In the phylogenetic tree, the novel species grouped together and showed high 16S rRNA gene sequence similarity (99%) with strains in the neighbor groups R. etli CFN42 T , Rhizobium vallis CCBAU65647 T , Rhizobium phaseoli CIAT652, Rhizobium pisi DSM30132 T , Rhizobium binae BlR195 T , and R. bangladeshense BLR175 T (Fig. 1) . We also analyzed the housekeeping genes recA and glnII to resolve the relationships between strains in novel species and known species in the R. leguminosarum complex group [24] . In the phylogenetic tree reconstructed based on the concatenated sequences, the novel species formed a clearly distinct group branching from the rhizobial species R. etli and R. bangladeshense (Fig. 2) . This result was in agreement with our previous tree produced from concatenated partial 16S rRNA, recA, rpoB and glnII gene sequences [24] . Strain HBR26
T and other strains in the novel species showed high recA and glnII gene sequence (892 bp) similarities among each other. The similarities between HBR26
T and the type strains R. etli CFN42 T and R. bangladeshense BLR175 T ranged from 93 to 94%, CFN42
T being the closest type strain with a sequence similarity of 94%.
Minimum Information about the Genome Sequence is provided in Table 1 and the Additional file 1: Table S1 . R. aethiopicum sp. nov. HBR26
T is fast-growing, forming moist, raised and smooth colonies 3-5 mm in diameter within 3-4 days on YEM agar plates at 28°C. It is able to grow in the 15°C to 30°C temperature range, but its optimal growth was at 28°C. The organism is able to grow at NaCl concentrations of 0-0.5% and at pH values in the range 5-10. Growth at pH4, at 4°C and at 37°C, and in 1-5% NaCl was recorded negative (Additional file 1: Table S1 ). This bacterial species is Gram-negative and rod shaped with a size of 1.0-2.4 μM in length (Fig. 3 ). HBR26 T and other strains in the novel species were able to respire many carbon sources when assessed by Biolog GN2 plates following the manufacturer's instructions [38] . In brief, colonies grown on YEM agar were transferred to and incubated for 48-96 h at 28°C on freshly prepared R2A media consisting of yeast extract 0.5 g, proteose peptone 0.5 g, casamino acids 0.5 g, glucose 0.5 g, soluble starch 0.5 g, sodium pyruvate 0.3 g, K 2 HPO 4 0.3 g, MgSO 4 .7H 2 O 0.05 g, and noble agar 15 g per liter of distilled H 2 O at pH7.2. Then colonies were suspended in 0.5% (w/v) saline (turbidity level of 52% transmittance), and 150 μl of the saline suspension was transferred to each of 96 wells of the Biolog GN2 Microplate. The plates were incubated at 28°C, and results were checked after 4, 24, and 48 h. Positive results were recorded when the wells turned purple. All tested R. aethiopicum sp. nov. strains could respire 40 of the substrates in common, but 21 carbon sources were not respired by any of the tested strains. While the test strains did not show much diversity among themselves in substrate utilization pattern, they were distinctly different from carbon source respiration pattern of the closest reference R. etli CFN42 T ; the test strains responded positively for seven carbon sources that were not used by R. etli CFN42 T . Substrates Dgalactonic acid, lactone, sebacic acid and D-and L-α-glycerol phosphate were used exclusively by HBR26
T . Quinic acid and glycyl-L-aspartic acid were used solely by R. aethiopicum sp. nov. HBR31. The details of carbon source assimilation results are presented in Additional file 2: Table S2 .
Symbiotaxonomy
HBR26
T including other strains in the R. aethiopicum sp. nov. are nodule forming and nitrogen-fixing on common bean host plants. The strains were originally isolated from root nodules of common bean plants growing in soils of Ethiopia [24] . In this study, the nodulation and nitrogen fixation capability was tested on legumes plants common bean, faba bean (Vicia faba) (http://plants.usda.gov/core/ profile?symbol=VIFA), field pea (Pisum sativum) (http:// plants.usda.gov/core/profile?symbol=PISA6) and lentil (Lens culinaris) (http://plants.usda.gov/core/profile?symbol=LECU2) on a sand, vermiculite and gravel mixture plant medium (5:3:3 ratio, respectively) in a growth chamber as previously described [24] . The test revealed that the strains were able to form effective nitrogen-fixing nodules in symbioses with common bean host plants. Nevertheless, the strains were not able to form symbiotic associations with faba bean, field pea and lentil. The nodulation and symbiotic characteristics results are summarized in Additional file 1: Table S1 .
Genome sequencing information
Genome project history
In our previous study [24] , the organism showed a unique phylogenetic position which most likely represented a new species. Thus, it was chosen for genome sequencing in order to describe a new species by comparing its genome sequence with the genome sequences of other close Rhizobium species. This project was a part of the DOE JGI 2014 Genomic Encyclopedia of Type Strains, Phase III the genomes of soil and plant-associated and newly described type strains sequencing program. The genome project is deposited at the DOE JGI genome portal [39] and also available at European Nucleotide Archive [40] under accession numbers FMAJ01000001-FMAJ01000062. Sequencing, assembling, and annotation were done by the (See figure on previous page.) Fig. 1 Neighbor-Joining phylogenetic tree reconstructed based partial 16S rRNA gene sequences (801 bp), showing the relationships between Rhizobium aethiopicum sp. nov (bold and highlighted) and recognized species of the genus Rhizobium. The tree was computed using the Kimura 2-parameter model using MEGA version 7. The rate variation among sites was modeled with a gamma distribution (shape parameter = 4). Bootstrap values (1000 replicates) are shown at the branching points. Reference type strains are indicated with superscript 'T'. Bar, % estimated substitutions. GenBank accession numbers of the sequences are indicated in parentheses next to strains codes. The accession numbers of whole genome sequenced strains are indicated with bold*. Abbreviations: B, Bradyrhizobium; R, Rhizobium; N, Neorhizobium; sp., species DOE JGI. A summary of the genome project information is listed in Table 2 .
Growth conditions and genomic DNA preparation
First HBR26
T (=HAMBI 3550 T =LMG 29711 T ) was grown aerobically on YEM agar plates at 28°C. A pure colony was transferred into 3 ml YEM broth medium and the cell culture was grown for four days in a shaker incubator (200 rpm) at 28°C. One ml was used to inoculate 150 ml YEM broth, and cells were grown on a shaker (200 rpm) again at 28°C until the culture reached late-logarithmic phase. DNA was isolated from cell pellets collected in a 60 ml following the CTAB bacterial genomic DNA isolation protocol Version Number 3 provided by the DOE JGI [41] . and recognized species of the genus Rhizobium. The tree was constructed by using Tamura-Nei model using MEGA version 7. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 0.3397). The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 32.0253% sites). Bootstrap values (100 replicates) are indicated at the branching points. Reference type strains are indicated with superscript 'T'. Bar, % estimated substitutions. GenBank accession numbers of the sequences (recA, glnII in order) are listed in parentheses next to strains codes. The accession numbers of whole genome sequenced strains are indicated with bold*. Abbreviations: B, Bradyrhizobium; R, Rhizobium; sp., species
Genome sequencing and assembly
The genome was sequenced at the DOE JGI using a combination of Illumina HiSeq 2500 and Illumina HiSeq 2500-1 TB technologies [42] . An Illumina standard shotgun library was constructed and sequenced using the Illumina HiSeq 2000 platform which generated 9,310,748 reads totaling 1405.9 Mbp. Methods used for library construction and sequencing can be found at the DOE JGI website [43] . In order to discard artifacts from Illumina sequencing and library preparation, all raw Illumina sequence data was passed through the program DUK at DOE JGI [43] . Filtered Illumina reads were assembled using Velvet (version 1.2.07) [44] and then from Velvet contigs, 1-3 kb simulated paired-end reads were constructed using wgsim (version 0.3.0) (https:// github.com/lh3/wgsim). Allpaths-LG (version r46652) [45] was used to assemble Illumina reads with a simulated read. The final assembly was based on 1,290.5 Mbp of Illumina data, which provides 258.1× input read coverage of the genome. The draft genome is 6.6 Mbp in size and contains 64 contigs in 62 scaffolds. Evidence codes -IDA Inferred from Direct Assay, TAS Traceable Author Statement (i.e., a direct report exists in the literature), NAS Non-traceable Author Statement (i.e., not directly observed for the living, isolated sample, but based on a generally accepted property for the species, or anecdotal evidence). These evidence codes are from the Gene Ontology project [70] 
Genome annotation
Genes were predicted using Prodigal [46] and using the DOE JGJ annotation pipeline [47] . The identified protein-coding genes were translated and functionally annotated by comparing the sequences with the NCBI non-redundant database, UniProt, TIGRFam, Pfam, KEGG, COG, and InterPro databases. The tRNA genes were found using tRNAScanSE tool [48] and ribosomal RNA genes were identified by searches against models of the ribosomal RNA genes at the SILVA database [49] .
Other non-coding RNAs such as the RNA components of the protein secretion complex and the RNase P were identified by searching the genome for the corresponding Rfam profiles using INFERNAL [50] . Additional analysis was accomplished using the IMG tool [51] . The same tool was also used for manual functional annotation of the predicted genes and for examining the genome sequence.
Genome properties
The genome of HBR26 T is arranged in 62 scaffolds and consists of 6,557,588 bp, with a 61% G + C content. In total 6307 genes were predicted, of these 6221 were protein-coding genes and 86 were RNA genes. Five rRNAs identified including one 16S rRNA, two 5S rRNA, and two 23S rRNA genes. There were 52 tRNA genes and 29 other (miscRNA) RNA genes. The statistics and properties of the genome are summarized in Table 3 . The majority of the protein-coding genes, 5054 (80.13%) were assigned with putative functions (Table 3) , and of these 4578 genes (72.59%) were assigned to COG functional categories (Table 4 ). The remaining genes were annotated as hypothetical proteins (1167 genes, 18.5%).
Insights from the genome sequence
Genome wide comparative analysis Based on recA-glnII concatenated sequence comparisons, the proposed type strain HBR26
T and strains included in R. aethiopicum sp. nov., HBR23, HBR3, HBR31, HBR7, and HBR50 were closely related to each other (99-100% sequence identity). Nevertheless, these strains were only distantly related to the closest reference strains R. etli CFN42 T (94%) and R. bangladeshense BLR175 T (93%). In order to further resolve the taxonomy of the novel group, genomic comparative analyses were done between HBR26
T and several relatively close reference strains presented in the (Tables 5 and 6 ). ANI was computed from protein-coding genes of the genomes using the MiSI program implemented in the IMG database [35] . For a pair of genome sequences, the system calculates ANI by averaging the nucleotide identity of orthologous genes identified as bidirectional best hits and also calculates Alignment Fraction of orthologous genes [35] . In addition, partially sequenced genome reads from R. bangladeshense BLR175 T and Rhizobium fabae CCBAU33202
T were used for calculation of additional ANI with the JSpecies program using default parameters as previously used [52, 53] . Table 5 shows the ANI values obtained between HBR26
T and reference strains (numbers above the diagonal). The numbers below the diagonal show pairwise orthologous genes identified as bidirectional best hits between genomes. AF was >0.68 in all ANI calculations among whole or draft genomes but the AF value was <0.6 in all ANI calculations with partially sequenced genome reads. The ANI values obtained between HBR26
T and references strains varied between 87.4 and 91.8%, which was below 96%, the value of relatedness recommended for species delineation [35] . The closest strains were R. bangladeshense LR175
T and R. etli CFN42 T with ANI values 91.8 and 90.2%, respectively. This result is in agreement with the recA-glnII concatenated analysis (Fig. 2) , confirming that that HBR26
T is distantly related to the R. etli and R. bangladeshense species but belongs to the novel Rhizobium species. The ANI between R. etli IE4803 and R. etli IE4771 was 97.7%. However, ANI values between these strains and the type strain R. etli CFN42 T (= < 90.2%) was much below the cutoff value of strains of the same species. Several R. leguminosarum strains included in Table 5 may represent species other than R. leguminosarum (ANI < 96% each other). The genome of R. leguminosarum CCGM1 showed a significantly higher degree of similarity with R. phaseoli Ch24-10 (97.2% ANI) and CIAT652 (97.2% ANI), and could thus be classified as R. phaseoli. R. leguminosarum WSM2304 showed 96.6% genomic relatedness with R. acidisoli FH23
T . Accordingly, we suggest the classification of WSM2304 under R. acidisoli species. The ANI value between R. fabae CCBAU33202 T and R. pisi DSMZ30132 T was 96.6%. This value corroborates the relationship between the two strains as reported previously [24] , which is also shown in the recA-glnII based phylogenetic tree in Fig. 2 , suggesting that R. fabae CCBAU33202 T and R. pisi DSMZ30132 T might represent one and the same species. T and close reference rhizobial strains. The draft genome of HBR26 T (6.6 Mbp) is about the same size as that of R. phaseoli Ch24-10 (6.6 Mbp) and slightly greater than R. etli CFN42 T (6.5 Mbp) and R. phaseoli CIAT652 (6.4 Mbp). However, strain HBR26
T has smaller genome size compared to R. leguminosarum CCGM1 (6.8 Mbp), R. etli IE4803 (6.9 Mbp), R. acidisoli FH23 (7.3Mbp), R. ecuadorense CNPSO671 (6.9Mbp) and all other R. leguminosarum (6.8-7.9 Mbp) symbiovar viciae and trifolii reference strains (Table 6 ). Though the gene content of strain HBR26 T (6307) is only greater than of CIAT652 (6132), it has got the highest percentage of genes assigned to Pfam (84.3%), TIGRfam (24.8%), and KEGG (29.7%).
HBR26
T also has the highest percentage of genes assigned to COG (72.6%) and KOG (18.1%) functional categories, with the exceptions R. leguminosarum UPM1131 (72.9%), and WSM2304 (18.6%), respectively.
In Fig. 4 the Venn diagram plotted in the OrthoVenn program shows overlapping orthologous protein clusters between the genomes of HBR26
T and other common bean-nodulating references R. etli CFN42 T , and R. phaseoli Ch24-10, CIAT652 and CCGM1. The orthologous clusters were identified with default parameters, 1e-5 evalue cutoff for all protein similarity comparisons and 1.5 inflation value for the generation of orthologous clusters [54] . In total the strains formed 6534 protein clusters, 6462 orthologous clusters (at least containing two strains) and 4273 single-copy gene clusters. All five strains shared in common 4385 orthologous protein clusters. On a pairwise basis, HB26
T shares 32, 42 and 44 proteins with CCGM1, Ch24-10, and CIAT652, respectively. Strain HBR26
T shares the most with CFN42 T with 164 orthologous group. This result is in agreement with recA-glnII phylogenetic and ANI analysis, supporting that HBR26 T is more closely related to CFN42 T compared to the other bean-nodulating strains. The genome of HBR26 T contains the highest number of genome-specific proteins of the five strains with 665 singletons followed by CFN 42 T , CIAT652, Ch24-10 and CCGM1 with 568, 549 and 516 singletons, respectively.
Comparative analysis of accessary genes: emphasis on symbiotic genes
Genes which are not essentially present in all bacterial strains are known as accessory genes. These genes are contained by mobile elements such as plasmids, genomic islands, transposons or phages and thus can be gained or lost among bacterial strains through horizontal gene transfer mechanisms. Accessory genes in the genome of HBR26 T were searched by assembling against the reference genome R. etli CFN42 T using the Genome Gene Best Homologs package from program IMG-ER [55] . 
Not in COGs
The total is based on the total number of protein coding genes in the genome Additional file 3: Table S3 shows homologous repABC (plasmid replication genes) and symbiotic genes found in the genome of HBR26 The symbiosis between rhizobia and legume plants is initiated when plant exudates known as flavonoids trigger expression of the rhizobial nodulation genes that code for the synthesis of LCO Nod factors. The backbone of this LCO is encoded by the common nodABC accessory genes. There are also additional genes (nol, noe) which code for the substituent groups that decorate the LCO core [57] . The symbiosis between rhizobia and legumes results in the formation of specialized organs on plant roots known as nodules in which rhizobia differentiate into N 2 -fixing bacteroids [58] . Like most symbiotic rhizobia, the genome of HBR26 T carries the Gray shade indicates ANI calculated using partially sequenced genomes. The conting fatsa files of the reads were obtained from Professor J.P.W. Young, the University of York and read data are also deposited at NCBI database under Bioproject accession number PRJEB7125 or PRJEB7987; number below the diagonal are pairwise orthologous genes identified as bidirectional best hits between genomes; AF was >0.68 in all ANI calculation among whole or draft genome but AF value was <0.6 in all ANI calculation with partially sequenced genome reads. Numbers above the diagonal are ANI between genomes. Reference type strains are indicated with superscript 'T'; R, Rhizobium Table S3 ). Several of the nodulation and nitrogen-fixing genes are located on the scaffolds Ga0061105_135 and Ga0061105_130, 141, 144 and 150. The first scaffold contains the main nodulation genes except nodA, while the other scaffolds encompass many of the nitrogen-fixing genes (Additional file 3: Table S3 ). The genomes of HBR26 T , R. etli CFN42 T , R. phaseoli Ch24-10 and CIAT652 were aligned using the progressive Mauve alignment tool [59] , using default parameters. The genomic features were visualized using the Artemis Comparison Tool [60, 61] . The Mauve alignment in Fig. 5 shows the presence of a similar nodBC-SIJD module organization between the genome of HBR26
T and the genomes of other bean-nodulating rhizobial strains CFN42 T , CIAT652, and Ch24-10. The nod-DIJSCB genes are flanked by transposase genes and hypothetical protein-coding genes. A similar arrangement of the nod genes was also found in the genomes of CCGM1 and IE4803, which are also micro-symbionts of common bean (data not shown).
All HBR26 T , CFN42
T , Ch24-10, CIAT652, and CCGM1 genomes carry additional nodZ, noeI and nolE genes adjacent to the nodBCSIJD region. Similarly, in the genomes of clover and faba bean nodulating R. leguminosarum WSM2304, UPM1131 and 3841 the nodulation genes nodD, nodB, nodC, nodI, and nodJ are also clustered in the same region. In the latter case, this region contains additional nodA, nodL, nodE, and nodF genes as well. The nodA and nolL genes of HBR26 T which are located in the scaffolds Ga0061105_134 and Ga0061105_130, respectively, are very similar to the corresponding gene sequences of bean-nodulating rhizobial strains CFN42 T , Ch24-10, CCGM1, CIAT652 and IE4803 (99-100% similarity). Its nodB gene is also homologous with CFN42 T , CIAT652, and IE4803. The highest identity (100%) is with nodB of IE4803 followed by CFN42 T (98%) and CIAT652 (97%). nodC of HBR26
T shares 97% similarity with nodC of CIAT652, CFN42
T and, CCGM1. All nodS, nodI and nodJ genes of HBR26
T share high identity with those of CIAT652 (99%), CFN42 T (98%), CCGM1 (98%) and Ch24-10 (98%). The nitrogenase complex, an enzyme responsible for nitrogen fixation in diazotrophs, consists of two components known as dinitrogenase and dinitrogenase reductase [62] . The nif genes are required for the synthesis and functioning of the nitrogenase complex [62] . Many of these genes in the genome of HBR26 T are harbored in four different scaffolds Ga0061105_130, Ga0061105_150, Ga0061105_144, and Ga0061105_141. The first scaffold contains the nifA-nifB-nifT-nifZ-nifW genes, and the second scaffold includes the nifE, nifN and nifX genes. The nitrogen-fixing genes nifH, nifU and nifQ are retained in the scaffold Ga0061105_141. An additional nifH gene, fixG and fixH genes are found in the scaffold Ga0061105_144 and a nifK gene is located in the scaffold Ga0061105_162. The dinitrogenase component of the nitrogenase complex is a product of nifD and nifK genes and the dinitrogenase reductase is coded by nifH [62] . However, the nifD gene is missing in the draft genome of HBR26 T . This gene is important to enable the nitrogenase enzyme complex functional. On the other hand, the strain HBR26
T makes effective nitrogen-fixing symbiosis with common bean plants. Thus, the reason behind the absence of nifD in the genome of HBR26
T is probably because our data is a draft genome and probably nifD was missed during sequencing. It is also possible that nifD sequence was truncated when the library was constructed.
The genes nifB, nifT, nifZ, nifE, nifN, nifX, fixG, fixH, nifW, nifQ, nifK and nifH all share high identity with homologous genes found in CFN42 T (98-100%), Ch24-10 (98-100%), CCGM1 (98-100%), 4292 (96-99%) or in IE4803 (92-100%). In our previous study, we identified rhizobial strains belong to R. phaseoli, R. etli and R. leguminosarum from root nodules of common bean plants growing in the soils of Ethiopia [24] . Thus, the close T , Rhizobium phaseoli Ch24-10, Rhizobium phaseoli CIAT652, Rhizobium leguminosarum CCGM1 and Rhizobium aethiopicum type strain HBR26
T . The number of protein clusters comprising multiple protein families is indicated for each genome and also the number of singletons i.e., protein with no orthologous of each strain are shown in parenthesis. The total number of protein sequences of each genome are indicated in parentheses next to strains codes similarity of the nod, nif and fix genes between HBR26 T and bean-nodulating R. etli, R. phaseoli and R. leguminosarum strains suggests that those genes might be shared between these rhizobial species through horizontal gene transfer mechanisms.
Conclusion
This study presents the genome sequence for the R. aethiopicum sp. nov. strain HBR26 T . The result from phylogenetic analyses of multilocus sequences of core genes showed a novel species within the genus Rhizobium. This result was further supported by ANI calculation, in which the genome of the type strain HBR26 T exhibited < 91.8% identity when compared with the genomes of close Rhizobium species. This value is much lower than the 96% ANI limit for delineating a species. The data confirms that R. aethiopicum sp. nov. should be considered as a new Rhizobium species. Thus, on the basis of phylogenetic, comparative genomic analyses and ANI results and by including phenotypic characteristics, we formally propose the creation of R. aethiopicum sp. nov. that contains the strain HBR26
T (= HAMBI  3550 T =LMG 29711 T ). The strains included in this species are effective nitrogen-fixing rhizobia in symbiosis with common bean plants. The genome of the type strain HBR26
T carries five plasmid replication repABC genes homologous to the genes found in five of the R. etli CFN42 T plasmids, suggesting that HBR26 T may have five additional replicons other than the chromosome. The organization of nodBCSIJD genes is similar between the genomes of HBR26
T and other bean-nodulating rhizobial species. The symbiotic genes necessary for nodulation and for nitrogen fixation share high sequence similarity between bean-nodulating strains, such as R. etli, R. phaseoli and R. leguminosarum, which suggests that these genes might be shared between beannodulating rhizobial species through horizontal gene transfer mechanisms.
Description of Rhizobium aethiopicum sp. nov.
Rhizobium aethiopicum (ae.thi.o'pic.um. L. neut. adj. aethiopicum, pertaining to Ethiopia). Fast-growing, forming moist, raised and smooth colonies 3-5 mm in diameter within 3-4 days on YEM agar plates under optimal growth conditions, at 28°C and pH7. The strains are able to grow between 15°C and 30°C. The organisms require no or trace amounts of NaCl for growth and are only able to grow at NaCl concentrations of 0-0.5% and at pH values in the range 5-10. No growth occurred at pH4, at temperature 4°C and at 37°C, and 1-5% NaCl. Cells are Gram-negative rod-shaped and 
